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branches of a 3-branch pipe assembly, the 
third branch being connected to or fonning 
the common inspiration /cxpimlioa part of 
tlie mouthpiece or respiratory tube. Although 
5 nowadays not always in the fonn of a "Y", 
this aifscmbly is nevertheless referred to in 
the art as the Y-piece. Since the Y-piece is 
a rigid structure, the sensing clement is pre- 
ferably located in the Y-piece rather dian 
10 in the flexible inspiratory hose. 

Preferably, the .sensing element is a 
thermistor. 

In a pri^erred embodiment of die humidi- 
fier according to the invention various fail- 
15 safe devices are incorporated which oisure 
that in the event of a fault, for example 
disconnection of the sensor leads or of 
dangerous overheating of the water, ibe 
heating element is automatically discon- 
20 nectcd. 

The various advantages of the present in- 
vention will be apparent from the following 
description of exemplary embodiments 
thereof, taken in conjunction with the ac» 
25 c(Mnpanying drawings, of which. 

Figure 1 is a block functional diawing of 
a humidifier according to the invention. 

Figure 2 is a schematic circuit diagram 
showing the temperature contiol principle, 
30 Figure 3 is a detailed circuit drawing of 
the circuit of Figure 1 and Including ^ult 
detection circuitfy» and 

Figure 4 Is a deuiled circuit drawing of 
the alarm and safety cut-out ciicuitiy. 
35 Referring now to Figure I of the draw- 
ings, whidi shows a functional block dia* 
gram, a humidifying chamber 1 has an inlet 
2 and an outlet 3 for respiratory gas. The 
diambcr contains water 4 heated by an elcc^ 
40 trie heating clement 5. Li operation, 
respiratory gas is passed from iiilct 2 over 
the hot water in the chamber and thence to 
outlet 3 having picked up water vapour 
from the water sutface. The humidified 
45 respiratory gas is then fed via a flexible 
hosclinc 6. typacally of about one metre 
length, to the inspiratory gas inlet 7 of Y- 
piece 8 and thence to a face-mask or endo- 
tracheal tube via connection 9. The ex- 
50 piratory gas path is via connections 9 and 
10 of the Y-picce and will not be described 
further since it is not relevant to an under- 
standing of the present invention. All that 
need be said is that the Y-piece is located 
5^ as dose to the patient as possible so that 
the exhaled gas retained, at the end of an 
expirau'on period, between the connection 
9 and the patienfs lungs is a minimum: 
since thk "used" gas is inhaled again at 
oO the next inspiration period. Thus the 
.smaller the volume of the ^s path common 
to the inspiration and expiration paths, the 
more freA respirator^' gas is fed to the 
patient in each respiratory cycle. 
o5 A temperature sensor 1 1 is located in the 



stub end of the Y-piece 8 so as to sense the 
temperature of the inhaied gas at a con- 
venient point close to the patient The sen- 
sew, formed by a negative temperature co- 
ctGcjent resistor such as a thermistor, is 70 
connected electrically to a comparison de- 
vice 12 via a plug and socket connection 13. 
The socket is located on a front panel of 
the humidifying imit, as is the inspiratory 
hoseline connection, to enable the facemask 75 
and hosdine to be removed from the humr- 
dihcr for sterilizif^ etc 

A temperature-setting control device 14, 
comprising a temperature-calibrated potentio- 
meter also mounted on the control panel, 80 
js connected to a second input of the com- 
parison device 12. The output of compari- 
son device 12 is fed to a switching control 
unit 15 which controls a heater power sup- 
ply switching arrangement 16 comprising a 85 
ttiac arranged in die supply path from a 
heater power supply 17 to Oie heater 5. 

In operation, die comparison device 12 
compares the sensor and temperature- 
setting signals and rives an output if the 90 
temperature sensed by sensor 11 is lower 
than the temperature represented by the 
settmg of setting control 14. This output 
causes the switching control to feed trigger- 
ing pulses to the g;ale electrode of triac 16 95 
at the b^nm'ng, or **zero crossing", of each 
half cycle of the a,c, supply 17 and, hence, 
to supply heating current to the heating cic* 
mcnt 5, The water temperature is there- 
fore raised and this increases the tempera- 100 
ture of the gas passed throt;^ the humidi- 
fying chamber 1. 

When the gas temperature at the Y-pioce 
equals the predetermined temperature (eg 
37X) set by adjustable control 14, the in- 105 
puts to the comparison device 12 become 
equal and the latter no longer provides an 
output signal. Switching control 15 there- 
fore no longer provides triggering pulses to 
tnac 16 and, hence, the current supply to 110 
heating clement 5 is switched off. 

Jii this way, the gas tempcranire at the 
Y-piece is maintained substantially equal 
lo the predetermined temperature set on 
control 14. The comparison device 12 is 115 
conveniently a differential amplifier. 

In order lo protect the patient, several 
safety features are incorporated which 
swiich off the heating element, and so pre- 
vent overheating of the inspired gas. if a 120 
fault occurs in the temperature control cir- 
cuitry. The most likely faults are con- 
cerned with the temperature sensor and the 
leads herefrom: i-c. the leads may become 
short-circuited or open-circuited, or the plug 125 
and socket connection 13 may become in- 
advcriently disconnected. Any of these 
conditions is detected by a fault-detector 18 
connected to the sensor leads at point 19. If 
a fault is detected, detector 18 inhibits ibe 130 
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switching control 15 via lead 21 and hence. 
''Till' ^P^"" heatinrelci^f 
.J^A,^^^ ^^^l'*' *e water sUU becomes 
overheated, this is sensed by a watoTtS! 
perature detector 22. such L a bScSfc 

^r'A^*?^ described the operational function 
of the vanous circuit eleiients involved ±e 
^ °f 'he temperSure Sn?^ 

f'Sttrc 2 of the drawings, 
to inmL''*^ s^t«naAtg cuneni is applied 
to inpute a and Resistor Rl and Zen^ 
Jode VI produce positive half cyd^ 

^ri w -'^l*"'* R2. A rcsistanS 

ondgc n^work « fonned by resistors 

hrirfo!' *™ junctions of this 

2 connected to input teiminab 

R^J ^ M» infected circuit block IQ 
ITS^^K^""^?^ 7*ich forms 



134.808 



rUrie?; " * "^ve temperature coefficiait 
resistor such as a thermistor and f ora^ fte 
i^*Pfe« sensing device 11 of F^SL i! 
^mt<«rated circuit IC indudes a dif^ 
«»Mtud amplifier DA which compares &e 
voltages appearing at the IC faipm 2 smd 
comparison device 12 of 
Figure 1. The output of this amplifier con- 
rrois a switching circuit such that short 
output pulses are given at termtoS 11 5 
every zero-crossmg of the a*, supnly voh- 
age when the mp^t at tenninal 3 o? thj JC 
« more ppative than the input at terminal 
t-ii . "*«Srated circuit blocb are very 
wdl taown and are used for providiS 
m^nng airrent pulses to switch on triaci 
at the noint of zem 



^itch^no *ith a bimetal^ 

deSit^tr^^ ») and a heatmg 

passed to^^SS;g?^<^t'-S°kc 
mac « tnggered by ihf pulses faaJtSlC 
If the temperature frf the aas at die v. 
piece (Rgure 1) is the same « that £ 
*?»P«SS'.-f<alibrated pS?muL?eto R^ 
a« ai^htudes of the positive hatt pulS 
appcanng at input tenni^ 2 ai^ Jf £ 

Sferrfox«:*4.T"^ this^i^StiS,! 
k fiS^ ^T'^ not fired and no cunent 
•f to heater Htr. If the Y-pieceS 

m1SS%r^ ^"^^ resistanc?^ S- 
inistOT R7 mcrcases and the amplitude of 

fc'^^^^TJS 2 •he«|o,e?S£^ 
Aiic puises at tenninal 3 are now mnn* 

rtSd^i. as. previously cx- 

icSuf ^ produces triggering pukes at 
IB output 11 and camnt IT n.<JJ« .i„ 
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agnab at terminals 2*^uid sTe Iq?^ 

Htr is therefore SSeSS''- ^ ,00 
«.f-l *e practical embodiment, various 
f«=atures are incorporated Md K 
~ee-.-.s wuixcju pmscs 10 switch OH ttjacs R"iimTa«j Jescnbed wfth reference to 
^ PO'I« of »ap current crossing. Tke fSSJL a^H^^JP ^ °^ drawings. In 
^wular IC used in the pracUcal eSbodi- a^I^J,^ *f ^"'e dmcnts 105 

ment. described herein*!**; ™5a are given Oie same designations. 

arms nffi k*^ **>,^l"e 3, the left hand 
fe? t^A ^ ^^'''^Sc (re&tors R2 to R6) are 
foi with corrept via the emitterH»lla7or 
path <rf a transistor V4 and the riSt S 110 
^'Ji*^ ^"**Se (resistors R7 to R9)S? 
fol with cnnort via the emitter-base paft 
°£V4. Transistor V2 is noimallTajt^ 

•V' conductmg tianastor V4 is 115 
too tow for current to piss via diode vl 
SSrf enmtcrW palh of V2. Under thk 

dS^S" ^•^''^ functions^ 

reference to Figure 1 flie 
wsitms peak potential at inpw2 of Si 120 
C b«ang gcnerallv in the rangl 6 to 7 vJS. 

R8 aS%T^' icsistor^R?; 
tocaSS are aicapsulated in a block and 
RfSIi5 *^-^-P!?^ thermistor 
Figure, L Thus three leads are required 



r -uJ^ " "® pracUcal eibodi- 
hereinafter with resoect to 

Swiy^J'r-* FatrchHd Semiconductor's 
SS'u^^T^S AC Trigger Trigac and 

««I^rtr-^' ? *^ ^^S^ are the 

^e as the pm numbers of the TRIGAC 

»nt T^""^ is not rSe." 

ISI^ijJ^.?'^ present description-all that is 
required from the IC is that triggering puls« 
are produced when terminal 3 ii mc^e^S 
tive than tenninal 2-but a full drarit^SSl 
'^^PM™ is given m "ApplicaUoS of a5 
M742 pIGAC" published by FalicMd 
Semiconductor. This particular IC uses a 
change m diarge on an external catacitor 
n ^nT?hi.*^ tA^mg pulses aT^J 
n . and this capacitor is shown as Cl^ 
rigure Z 

. Trigsering current ou^t pulses annear- 
mg at tetmaial H of the IC fire a trSc Tr 
at every zcip^rossing of die a.c. supply volt 
age at tcrmmals a ami A Iv^ 



I™ X 1 '^^'.'^f«««B OI me a-c. supply vOt- Fieitm i — -ftZ \ i"?* »* snown m 

age at tcrmmak « and A and cause fli tAw S^ikk hJJ^t ^^'^ 
to conduct The synchronism of ihS S iSh ^ the control equipment, 

triissenns nul«>« niffi .i. """rr *a<ai lead bcmg provided wiA a tdue anA 

socket connection Tf .»., ^.n* J^" 
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bv wear or by accidental disconneciicm of 
the jdug) the peak potential appearing at 
pm 2 of the iC and lead c rises above the 
value corresponding to the maximum safe 
5 gas temperature ag. 42**C If the conncc- 
Uons to R7 or R9 are broken. V4 stops 
cond(|ctuig and V2 conducls and the valta»^ 
of pm 2 of the IC is raised towards Pv 
tft ™"^"Fb R16 and the collector of V2. If 
10 the lead to the junction of R7/R8 is bmkcn 
Uie voltage of pin 2 of IC is raised towards 
21 V through RIL These hi|,^ level peaks 
(referred to hereinafter as the high level 
voltage) caasc the alarm circuit, shown and 
i5 dcscnbcd later with reference to Figure 4. 
to operate and give an audible and/or visual 
alann. They also operate discretely on the 
IC and stop this supplying tricgcring pulses 
to the tnac. 

^ 1 V^^' ^^^^^ cKcur in the 

tods IS a short circuit betwcai them. If 
this occurs, the resistance values are so 
arranged thdU irrespective of v/hethcr any 
two or all three leads become short-circuited 
^ the oeak voltages appearing at terminal 3 
or the IC have maxmium value of about 
three volts. ITiis value is referred to as the 
low voltage level hereinafter and this •also 
cause (^ration of the alarm. Thus, in the 
30 event of any faujt on the leads, the voltage 
level appearing on lead c either doubles 
lev^ ^^^^^ ^^^^ voltage 

The other addition to Figure 1 shown in 
J3 Figure 3 IS a further transistor circuit com- 
pnsing transistor V5, diodes V6 and V7 
and resistors R13. R]4 and R15. This cir-' 
cult senses opening of the bimetallic switch 
Afx P^?"?^*>y?verheatingof ihcwaterinthe 
40 humidifier. NoimaJIy with the bimetallic 
switch contact closed, the base^itter cir- 
cuit of V5 is short circuited thereby and 
this transistor is thus normally in the cui- 
off state. If Ae bimetallic switch contact 
« opens, howevCT, V5 conducts supply current 
via the heater Htr and diode V7 to lead e 
This also causes an alarm to be given, as 
w31 be described later with reference to 
Figure 4. 

^ In the pracdcal embodiment* all the ele- 
ments of Figure 3 shown withm the chidn 
outline except R4 (which Is pand-mounied) 
are mounted on a printed ciicult board 
(p cb-K and it will be seen that the trigger- 

35 jng lead from output 11 of the IC to the 
gating electrode <rf triac Tr is taken via lead 
g out of tne primed circuit board. It will 
be seen from Figure 4 that this lead g re- 
turns as lead A to the triac Hie reason for 

00 this IS that ihc ^ole of Figure 4 is con- 
structcd on a separate printed circuit board 
die removal of wfaidi will thus disconnect 
ffic tnggen^g pulse path to the triac. Thus, 
if either p-c.b. is removed, the heater Htr 
05 cannot be supplied with heater current; 



thereby providmg a further featiire which 
prevents overheating of the humidifier water 
m the event of a faulL 

Resistors R5 and R8 (Figures 1 and 2) 
are made preset variable resistors. These are 70 
preset during calibration of the temperature 
control adjustment. In the practical em- 
bodiment, the following components were 
used for Figure 3. 



Rl 3.3Kohms 

R2 6.8Kohms 

R3 2JKohms 

R4 2.0Kohms 

R5 2.2Kohms 

R6 6.8 Kohms 

R8 5.0 Kohms 

R9 3.9Knhim 



RIO 120 ohms 

Rll 270 Kohms 

R12 12 Kohms 

R13 1.0 Kohms 

RI4 150 Kohms 

R15 4.7 Kohms 

R7 MuUard VA3406 



VI Mullard BZY CIS 

V2 Mullard BCY 71 

V3 Mullard BAX 17 

V4 Mullard BCY 71 

V5 Mullard BCY 71 

a 04?" F 

C2 0.47 ,iF 

IC Fairchild Semiconductor TRIGAC 
mA742 
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^apacitor C2. between terminals 1 and 
4 of the IC is used in die latter as a memory 
stora^ for maintaining the control condi- 95 
tion dunng negative line half cycles (when 
Ifie circuit is. In effect. idUng). The stored 
cneigy forces the differential amplifier DA 
to assume the previously hdd stale at the 
b^mning of each positive half cycle. The 100 
tc produces triggering output pulses when 
the voltage at temiinal 3 is positive to that 
at temunal 2 by a voltage of about 3 miUi- 
P« I"® voHage at the junction of R9 
and RIO is fed to terminal 7 of the IC to 105 
feed a clamping circuit in the IC which has 
the effect of producing a snap action in the 
comparator. 

The alarm circuit will now be described 
with reference to Figure 4 of the drawings. 110 
the connecting leads between Figures 3 and 
4 bci^g given the same reference in each 
drawmg. 

The circuit is powered from the 24v a.c 
supply at terminals a and 6, this being recti- 1 15 
ficd and stabilised to provide a +20V d c 
by means of re<iistor R2I. rectifying diode 

Y'^l* «"Stor R22. and Zencr 

diode V22. 

Lead c which feeds a normal level volt- 120 
age of 7 volts, as previously described, 
feeds two long-tailed pairs, comprising tran- 
sistors V23. V25 and V26. V28. via isolating 
resistors R23 and R24 respectively. The 
common emitter resistors for these long- 125 
tailed pairs aie R25 and R31 respectively. 
A voltage divider fonned by resistors R27 
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^'""S noimal operation 
the voliagc on lead c is between the W 

n« ^ are conducting and V23 and 
vnu«„ * nonconducting. 7f a high Icvd 
voltage IS received over lead c \^ ™„ 

sistoi V29. which is normally cut off K« 
inL'T' ''°;'*^Se appeals on l«dc 
STv^'^ again, feeds cuiJi to \S 
oase of V29. Thus, in the event of a fault 
condition on the thermistor leads J| S 
viously described, either a hii ot* l<S iSS 
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.V,;:- reliant ciirreot pulses flow^. Jlr'"^"^ m an amoclave. The 

ftrough die emitter-collector ^ftrf^ i^f If.^H*'"??"^ P*^*» 7 aimps and 

and resistor R36 arc applied tTSe taseS <I«sconnccii«n rr«-. .k- 



+1ovinniJ?'^ applies current from the 
^ resettmg the flip-flop to the noA-alam 
^te. Jt can thus be seen that in the evew 

cucuiiiy. the beater current is disconnected 
and femauis disconnected untfl thefaSuS 
been cured and SI pressed. Therrfore ikf 

J^to the patient cannot excwd a <Sfc 75 

all^p^rS'S ''L*^^''^* °* » humidifier, 
ail paris or the gas Circuit arc hnuc^H 

l^-'far^J^f .W.can bel^o,^..^ 

hS?er »n™^'"^"2 " «Modave. 1^ 80 
ncaier normallv q^qcac oKr.»i^ t iT 



Oft ^ a conventional flip-flop cii^it"cot^i 

%Tind^"' ?^.K^ ^o's.dS;^^ 

state W ?c . (non^Uann) 
siaie. V32 is conducting and V31 k nnn 
conducung. This condition is «s,^"°<^" 
25 o-> ^ cqoq«nent by Sen^ 

i^°**=r conditions die cu^^ 

applied to the base of V31 ^us« t£ ffiS 
flop to diange state; V31 theil'S.ndiih£ 
^ ^^'^P^^^S non-condnctmc The 
JU auJt and prevens the heater beine »». 

35 viously desciftcd. and hence. tfL h^'S 
aVk^''^?^^"^ condition also^sS 
viPS"^^ to change state. 

. . ^iP-flop in the normal (non- 
alaim) s ate with V32 condocting. collecfcM 
40 current is drawn for this transifor Sv 
vja resistor R41 and diode ^^3 M pS 
w th resistor R44 and diode V36 Sinee 
c««.*lor^ter potential of V32 fa v2j 

« via diode V34 or via diode V37 Thus 
^rrenl flows to the bases of tiai^?rs V35 

Under alann conditions, when V32 is 

potential at the conitol 
^3^2 B substantially at +20V and diodS 
V33 and V35 cease to conduct. Current 

°* V35ln5v3?^S 
mg these txansistors to conduct The^Sl 

55 ^«J«ntofp5U6htsaSljaS bS 
.P^ ^« *at V38 is conducu 

T^J^^f^"^ r ^ virtues; £ 

<w supf^ terminal with the result Sat 
capacitor CI (Figures 2 and 3) KuS 

S^5^'*?-***^^*""S at t^inal Ho? 

Wha» the fault is cleared the flio-flon ic 
65 reset by momentary «)pcralion of^^^^ 



itT7..AM IT ' P^scs aoout 7 atmps and 
removal of the gas drcuit compoocntsroida 
iS""' ^J'^Se sparle at the biSSgdteS 
^"1 ^«>nt=«s. A further tcatan^^ 
embodiment is fte provirion «rfaidSi£S 
cwact swHch S2 which closes. onlSSi 

c^H ^i. ?"tch Short Circuits leads 
SoS^f rliot^. P"'^^ * voltage lev J 
J"^}^^^ on lead c Ifhc aliGm dr^ 
curl Aerefore operates in the maW ^ 

Aeref or^nnected before the hSL^ 

in ?;rS5S rs!?L^^ ^ 
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R2I 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 



22 ohms 
100 ohms 
lOOKohffls 
lOOKohms 
47 Kohms 
lOOKohms 
1.2 Kohms 
5.6 Kohms 
5.6 Kohms 
2.2 Kohms 
47 Kohms 
2St Kohms 
C21 
C22 



R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 



400 mP 
1 mF 



6.8 Kohms 
3.3 Kohms 
12 R<duns 
12 Kohms 
33 Kohms 
12 Kohms 
12 Kohms 
22 Kohms 
2.2 Kohms 
22 Kohms 
150 ohms 
47 Kohms 



V21 MuUard BYXS^-ISO 



V22 

V23 : 

V24 .. 

V25 

V26 :: 

V27 " 

V28 .. 

V29 : 

V31 „ 

V32 

V33 Z 
V34 



V35 
V36 
V37 
V38 



B3ZY88— C20 
BC107 
BAX17 
BC107 
BC107 
BAX17 
BC107 
BCY71 
BAX17 
BC107 
BC107 
BAX17 
BAX17 
BC107 
BAX17 
BAX17 
BCi07 
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WHAT WE CLAIM JS: — 

1. A gas humidifier for bumidifvine 
respiratory gas fed fn^m a medical vcntilaior 
to patient, including a "gas-over-hot- 

5 water'* vaporissidon chamber, means for 
heating water contauicd in the chamber, a 
respiratory gas supply line arranged for 
fccdjn<r humidified rcsoiratoiy gas firom the 
humidifier to a patient, an electrical tern- 

to pcrature-sensins element Jocaied at or ad- 
jacent ihe patient end of the suppiv line for 
sensing die tempcraiure of humidllicd res- 
piratory gas immediately before the gas is 
passed to the patient during an inspiratory 

15 period of the ventilator, and controlling 
means for coniroTIing the opcraUon of the 
water heating means in dependence upon 
the temperature sensed by the temperature 
sensing element whereby the said tempera- 

20 ture IS maintained at a predciermined level, 

2. A gas humidiiier according to Claim 1 
wherein the temperature-sensing element is 
a negative temperature coefficient resistor 
arranged in one branch of a resistance bridge 

25 the other branch of which includes a 
poieniiomeier the selling of which deter- 
mines the predetermined iemperature, die 
bridge being balanced when the gas tem- 
peraturc equals the prcdetemiined tempcra- 

30 ture. the outputs from the ana junctions of 
the two branches being connected to inputs 
of a comparison .device arranged to detect 
a bridge imbalance caused by die gas tcm- 
peraturc being lower than die predetermined 

35 temperature, and lo provide an output sig- 
nal in that event the humidifier including 



switching means for controlling the opera- 
tion of the said heating means in depend- 
ence upon the said output signal. 

3. A gas humidifier according lo Claim 40 
2 wherein the switching means includes a 
tnac ui series with the healing elCTicnt and 

a pulse generator arranged to supply trigcer 
pulses to the gating electrode of the irhc 
to render ihc triac conducting in the event 45 
of said unbalance of the bridge. 

4. A gas humidifier according to any 
previous Claim including means for prevent- 
ing operation of the heating dement if con- 
necting leads to the temperature-sensing elc- 50 
meat become short-circuited or disconnected. 

5- A htunidifier according to any 
previous Claim including a iheimal switch 
in the vaporisation chamber which operates 
at a given tempcraiure to prevent operation 55 
of the heating element in the event of the 
water overheating to rcadi the given tem- 
perature. 

6. A gas humidifier substantially as here- 
inbefore described with reference to Figure 60 
1 of the accompanying drawings. 

7. A gas humidifier substantially as 
hereinbefore defined with reference to 
Figures 1 to 4 of the accompanying diaw- 

C. A, CLARK. 
Chartered Patent Agent. 
Century House. 
Shaftesbufy Avenue. 
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